Abstract-This paper considers the stabilization and synchronization of Chua's oscillators via an impulsive control with time-varying impulse intervals. Some less conservative conditions were derived in the sense that the Lyapunov function is only required to be nonincreasing along a subsequence of the switchings.
I. INTRODUCTION
A class of chaotic systems named Chua's oscillators has been widely used in chaotic secure communication systems, chaotic spread-spectrum communications [7] , [16] , [4] , [18] , [13] and some other fields [11] , [5] . The dimensionless form of a Chua's oscillator is given by [3] and [2] In (2), a and b are two constants and a < b < 0.
Recently, impulsive control has been widely used in the stabilization and synchronization of chaotic systems. Schweizer and Kennedy [15] and Hunt and Johnson [9] proposed two impulsive control schemes Manuscript with varying impulse intervals. Due to the lack of efficient analysis tools for impulsive control systems, most impulse control schemes had been designed mainly by trial-and-error. To overcome this, Chua et al. [6] and Yang and Chua [17] applied the existing stability results of impulsive control systems in [1] and [14] to obtain some sufficient conditions for the stability of impulsive control systems and they also used these results to consider the stabilization and synchronization of Chua's oscillators via impulsive control. However, their results are conservative in the sense that the Lyapunov function is required to be nonincreasing along the whole sequence of the switchings. The stabilization and synchronization problems have also been considered by [12] and [8] .
In this paper, we shall also consider the stabilization and synchronization of Chua's oscillators by using the results obtained in [10] . Our impulse intervals are time varying and a larger bound can be obtained. We derive some less conservative conditions in the sense that the Lyapunov function is not required to be nonincreasing along the whole sequence of the switchings as needed by [17] .
The rest of this paper is organized as follows. In the following section, the stabilization of Chua's oscillators is considered. Section III studies the synchronization of Chua's oscillators. Two numerical examples are given in Section IV to illustrate the effectiveness of the main results. Finally, some concluding remarks are presented in Section V.
II. STABILIZATION OF CHUA'S OSCILLATORS
In this section, we shall first present an existing result for the stability of the following impulsive control systems [14] .
where X 2 R n state vector;
A,B k (k = 1; 2; . . .) n 2 n constant matrices; : R n ! R n nonlinear function satisfying k(X)k LkXk ; L positive number; t 0 < 1 < 2 < 1 11 < k < k+1 < 1 ; k ! 1 as k ! 1: (4) For matrices A and B (A; B 2 R n2n ), A B implies that A 0 B is a nonnegative definite matrix.
Theorem 1 [10] : Suppose that an n 2 n matrix 0 is symmetric and positive definite, and min and max , are, respectively, the smallest and the largest eigenvalues of 0. Let Q = 0A + A T 0 (5) and Q 10 with 1 being a constant. Then, the origin of impulsive control system (3) is asymptotically stable if the following conditions hold:
1) The following inequality is true:
where I is the identity matrix, 2 (k) (k = 1; 2; . . .) are positive constants.
2) There exists an r > 1 such that 1 + 2L max min ( 2k+3 0 2k+1 ) 0ln(r2(2k + 2)2(2k + 1)); k= 0; 1; . . . : (7) 3) The following inequalities hold:
We shall now consider the stabilization of Chua's oscillator (1) . Let X T = (x; y; z), then we can rewrite (1) into the form _ X = AX + (X)
where
Introducing the following impulsive control:
U(k; X(t)) = BX; t = k ; k = 1; 2; . . . 
In (14), 1 is a given positive constant. Denote 11 = supf2i 0 2i01g < 1 (15) 1 2 = supf 2i+1 0 2i g < 1:
Then, we have Theorem 2: The origin of Chua's oscillator (1) under impulsive control (13) and (14) is asymptotically stable if 0 + 2jaj 0 1
where > 1, is the largest eigenvalue of (A + A T ) and Using Theorem 1, we know that the origin of Chua's oscillator under impulse control (13) and (14) is asymptotically stable. 
It can be shown that (17) holds. Thus, the origin of Chua's oscillator under impulsive control (13) and (14) is asymptotically stable. Note that 1 1 is greater than the upper bound 1 max defined in [17, (39) ].
Thus, a larger bound can be obtained by using the proposed approach here.
Remark 2:
Let the Lyapunov function be V (t; X) = X T X. It can be easily shown that the Lyapunov function is only required to be nonincreasing along an odd or an even subsequence of the switchings. This relaxes the requirement in [17] that the Lyapunov function is required to be nonincreasing along the whole switching sequence.
III. SYNCHRONIZATION OF CHUA'S OSCILLATORS
In this section, we study the impulsive synchronization of two Chua's oscillators, which are called the driven system and the driving system, respectively [17] . In an impulsive synchronization configuration, the driving system is given by (1), whereas the driven system is given by _ X = AX + (X) (19) whereX = (x;ỹ;z)
T is the state variables of the driven system and A and are defined in (11) and (12) .
At discrete instants i(i = 1; 2; . . .) defined in (14) , the state variables of the driving system are transmitted to the driven system and then the state variables of the driven system are subject to jumps at these instants. In this sense, the driven system is modeled by the following impulsive equations: _ X = AX + (X); t 6 = i 1Xj t= = 0Be; i = 1; 2; . . . 
Similar to the stabilization of Chua's oscillators, we can obtain the following result.
Theorem 3:
The impulsive synchronization of two Chua's oscillators, given in (22), is asymptotically stable if (17) holds.
Proof: Similar to the proof of Theorem 2, we can prove this result by using the following inequality:
Remark 3: Impulsive control (13) and (14) can be generalized as follows:
There exists a finite positive integer m0 such that Obviously, 1 m is greater than 1 max obtained in [17] .
IV. ILLUSTRATIVE EXAMPLES
Two examples will be used to illustrate the effectiveness of the obtained results. Fig. 1 . It is shown that the state X(t) approaches the origin very fast under the strong control. 
Similarly, it can be shown that Fig. 2 . Obviously, the convergence speed under the strong control is faster than that under the weak control. Similar to the stabilization problem, we shall also consider both the strong control and the weak control. The simulation results are given in Figs. 3 and 4 . It is also shown that the convergence speed under the strong control is faster than that under the weak control.
V. CONCLUSION
In this brief, we have presented an impulsive control with time varying impulse intervals for the stabilization and synchronization of Chua's oscillators. Some less conservative conditions were derived in the sense that the Lyapunov function is only required to be nonincreasing along a subsequence of the switchings.
